1. Introduction {#sec1-nutrients-10-00316}
===============

Approximately 41 million children younger than five years are overweight or obese \[[@B1-nutrients-10-00316]\]. Global prevalence data for older children is not available but studies from Europe show increases in obesity rates over the last two decades \[[@B2-nutrients-10-00316]\]. The WHO Report of the Commission on Ending Childhood Obesity (WHO) has recognised the severity of this global epidemic and its recommendations reflect the fact that childhood obesity is a result of an energy imbalance which has resulted from changes in food type, availability, affordability, and marketing, as well as a decline in physical activity, with more time being spent on sedentary leisure activities \[[@B1-nutrients-10-00316]\].

In the quest to reduce the burden of chronic disease and obesity many countries and authorities have adopted an evidence-based approach to population dietary guidelines \[[@B3-nutrients-10-00316],[@B4-nutrients-10-00316]\]. This emphasises the importance of a plant-based diet and encourages increasing intake of fruits and vegetables and foods which increases dietary fibre intake such as whole grains, legumes, pulses and nuts. A diet rich in fruits, vegetables and wholegrain foods may help in reducing the risk of obesity because fruits and vegetables have high content of water and dietary fibre which may increase satiety \[[@B5-nutrients-10-00316]\]. The demonstration of consistent trends in the associations with BMI in childhood and protective dietary patterns across countries with different cultures would provide further evidence to support these guidelines.

The International Study of Asthma and Allergies in Childhood (ISAAC) Phase Three is a multi-national multi-centre study that has previously collected data on heights and weights of children aged 13--14 years (adolescents) and 6--7 years as well as dietary intake \[[@B6-nutrients-10-00316]\]. The study was originally designed to measure time trends in the prevalence and severity of asthma, rhino -conjunctivitis and eczema and to explore the relationship between lifestyle, other putative risk factors and the development of asthma and allergies. However, ISAAC Phase Three has also provided us with the opportunity to examine the association between fruit, vegetables, pulses and nut intake and body mass index (BMI) across 36 countries in adolescents and 18 countries in children.

2. Methods {#sec2-nutrients-10-00316}
==========

ISAAC centres were from defined geographical areas (centres) within countries. A minimum of 10 schools randomly sampled (or all schools used) within each centre for each age group. Two age groups were chosen---the compulsory age group was the adolescent group who self-completed the questionnaire at school and highly recommended were the children, whose parents/guardians completed the questionnaire about their child at home. ISAAC Phase Three used the Phase One standardised core questionnaire on symptoms of asthma, rhino conjunctivitis and eczema, and included a recommended environmental questionnaire (EQ) to collect potential risk factor data which included questions on participant dietary intake, as well as height and weight. Phase Three was undertaken between 2001 and 2003. The questionnaires are on the ISAAC website and can be accessed at the following url: <http://isaac.auckland.ac.nz>. As this is a secondary analysis of pre-existing non-identifiable data, ethics approval was not sought for this study, although approval from the principal investigator in each centre was obtained.

2.1. Main Outcome Variable---Body Mass Index {#sec2dot1-nutrients-10-00316}
--------------------------------------------

Height and weight were reported by the adolescents and by the parents of the children. In some centres, each subject's height and weight were measured objectively although there were no standardised instructions for doing this. BMI was calculated as weight (kg)/(height (m))^2^. For 20% of children and 23% of adolescents the height and weight was measured objectively. To eliminate likely erroneous data, we applied the following rules:

For adolescents in each centre, those in the top and bottom 0.5% of weights and heights, and those with heights less than 1.25 m were excluded. BMIs less than 10 kg/m^2^ and greater than 45 kg/m^2^ were removed. For children in each centre, those in the top and bottom 0.5% of weights and heights, and those with heights less than 1.0 m were excluded. BMIs less than 9 kg/m^2^ and greater than 40 kg/m^2^ were removed.

2.2. Explanatory Variables {#sec2dot2-nutrients-10-00316}
--------------------------

Questions about dietary intake of foods were asked using a questionnaire which was developed from an ecological analysis of the relationship between per capita food intake and the prevalence of symptoms of asthma, allergic rhino conjunctivitis and atopic eczema \[[@B7-nutrients-10-00316]\]. The questions on foods were suitable for all ethnic groups and the questions asked 'In the past 12 months, how often, on average, did you (did your child) eat or drink the following: meat; seafood; whole fruit (not juices); vegetables (green and root); pulses (peas, beans, lentils); cereal; pasta (including bread); rice; butter; margarine; nuts; potatoes; milk; eggs and fast food/burgers?'. Centres were encouraged to include local names to define foods if necessary. The three categories for food intake were: never or occasionally; once or twice per week; and ≥3 times per week. Questionnaires were translated into 53 languages, back-translated into English and assessed for accuracy \[[@B8-nutrients-10-00316]\]. For the purpose of this paper foods were used that we hypothesized would be associated with a lower BMI. The data on the intake of fruit, vegetables (green and root), pulses (peas, beans, lentils) and nuts were examined. We have previously reported on the association of fast food and BMI in this study \[[@B9-nutrients-10-00316]\].

We also adjusted for gross national income (GNI) by country as this has been shown to be associated with childhood obesity. Country gross national income (GNI) was based on the 2006 World Bank categories of high-, high middle-, low middle- and low-income countries, dichotomised into high income (high- plus high middle-income) and low-income (low middle- plus low-income) categories.

2.3. Statistical Analysis {#sec2dot3-nutrients-10-00316}
-------------------------

BMI was assessed separately for each age group using a general linear mixed model (GLMM) with centre as a random effect and GNI for each country, the individual's age, sex, measurement type, and dietary intake variable as fixed effects. SAS (v9.3, SAS Institute, Cary, NC, USA) was used. The regression coefficients from the GLMM for use once or twice per week and use three or more times per week relative to no use or occasional use are reported in the table along with the P value for the combined effect of these categories.

3. Results {#sec3-nutrients-10-00316}
==========

For the adolescents, data were submitted from 122 centres in 53 countries (362,019 subjects). Centres that submitted data which included heights, weights, diet information, and met the inclusion criteria comprised 201,871 adolescents (74 centres/36 countries) who were included in the final analysis ([Figure 1](#nutrients-10-00316-f001){ref-type="fig"}).

For the children, data were submitted from 73 centres in 32 countries (214,706 subjects). Centres that submitted data which included heights, weights, diet information, and met the inclusion criteria comprised 77,243 children (31 centres/18 countries) who were included in the final analysis ([Figure 2](#nutrients-10-00316-f002){ref-type="fig"}).

After controlling for country GNI, centre, age, sex, measurement type (measured and reported), The adolescents in the three or more times and the 1--2 times a week group for fruit, vegetables, pulses and nuts had a significantly lower BMI than the never group. The strongest association of intake with BMI was observed in adolescents who ate nuts three or more times a week, which was associated with a BMI values −0.274 (0.024) kg/m^2^ lower than the never group, whereas the 1--2 times a week group had BMI values −0.176 (0.016) kg/m^2^ lower than the never group (*p* \<0.001). The children who consumed vegetables three or more times a week had a lower BMI −0.079 (0.031) kg/m^2^ than the never group whereas the 1--2 times a week group had BMI −0.057 (0.031) kg/m^2^ lower than the never group ([Table 1](#nutrients-10-00316-t001){ref-type="table"}). Both of these were statistically significant (*p* = 0.03).

[Figure 3](#nutrients-10-00316-f003){ref-type="fig"} and [Figure 4](#nutrients-10-00316-f004){ref-type="fig"} show the differences in BMI (kg/m^2^) between adolescents and children who reported eating fruit, vegetables, pulses, and nuts three or more times per week and those who reported eating fruit, vegetables, pulses, 1--2 times per week or never in each centre after controlling for country GNI, age, sex, measurement type (reported or measured). The proportion of participants who reported eating fruit, vegetable, pulses and nuts three or more times per week is shown in parentheses after each country. The figures demonstrate the diversity of intake of fruit, vegetables, pulses and nuts between countries and centres and the direction of the effect of greater intake on BMI. In the adolescents there was an overall negative association with eating three or more fruit, vegetables, pulses and nuts per week on BMI. In the children there was an overall negative association with eating three or more fruit, vegetables and nuts per week on BMI and a positive association with of eating three or more pulses per week.

4. Discussion {#sec4-nutrients-10-00316}
=============

This study of 201,871 adolescents in 74 centres in 36 countries and 77,243 children in 31 centres in 18 countries and demonstrates an inverse association between BMI and the consumption of vegetables in children and fruit, vegetables, pulses and nuts in adolescents.

There have been few studies which have examined dietary intake across many countries and BMI in children. A previous study of 34 (primarily European) participating countries of the 2001--2002 Health Behaviour in School-Aged Children Study reported that overweight status was not associated with the intake of fruits or vegetables \[[@B10-nutrients-10-00316]\]. A US prospective cohort study of 14,900 children demonstrated that neither fruit nor fruit juice intake predicted changes in BMI, but among the boys, vegetable intake was inversely related to changes in BMI z-score \[[@B11-nutrients-10-00316]\]. In our study we saw a small inverse association between BMI and eating fruit and vegetables, three or more times a week but were unable to examine total dietary energy intake in relation to fruit and vegetable intake. However, a systematic review and meta-analyses of eight studies which have examined the effect of promoting increased fruit and vegetable consumption in adults, in the absence of specific advice to decrease consumption of other foods (and energy intake), suggests that this may be useful for weight maintenance or loss \[[@B12-nutrients-10-00316]\].

Studies of children who adhere to vegetarian diets or dietary patterns which are rich in vegetables, whole grains, nuts, pulses, and legumes have shown consistent protective effects of these diets on the risk of being overweight \[[@B13-nutrients-10-00316]\]. Similarly, cohort studies in adults have shown that dietary patterns which are more closely aligned to the Mediterranean diet (rich in vegetables, legumes, fruit and nuts, cereals, fish and seafood, olive oil, and moderate amounts of alcohol) help to protect against weight gain and subsequent obesity \[[@B14-nutrients-10-00316]\].

Our study established that there is an inverse association between eating nuts and BMI in both adolescents and children with the estimates being significantly larger for the adolescent group who consumed nuts three or more times a week. This finding of the inverse association of consumption of nuts on BMI is consistent with previous clinical trials and epidemiological studies of the effects of nut consumption in adults \[[@B15-nutrients-10-00316],[@B16-nutrients-10-00316]\]. There are several plausible reasons which may explain why nut consumption is associated with a lower BMI. These include: enhanced satiety, incomplete absorption of fat from nuts, increased resting metabolic rate, and corresponding decreased intake of other foods. Nuts are energy dense due to their high fat content; they are a good source of protein and are low in saturated fat \[[@B16-nutrients-10-00316]\]. Nuts are also high in dietary fibre which increases satiety and suppresses appetite \[[@B17-nutrients-10-00316]\]. Incomplete absorption of fat from nuts due to incomplete mastication also causes a loss of available energy due to faecal fat loss \[[@B18-nutrients-10-00316],[@B19-nutrients-10-00316]\].

Although an inverse relationship between BMI and vegetables in children and fruit, vegetables, pulses and nuts in adolescents was observed there were fewer adolescents consuming fruit and vegetables more than three times a week. This is not surprising and could reflect factors affecting food intake between the two age groups, where adolescents may have more independence, money and more control over their diet than younger children \[[@B20-nutrients-10-00316]\]. It could also reflect the difference in reporting as the adolescent data was self-reported and the children's dietary intake data was obtained through parental report.

Although this cross-sectional study constitutes a large global data set, the collection of dietary intake data in this study was kept as brief as possible with a limited number of food items and only three categories for frequency of food intake to enable greater global participation. The data are therefore only useful for ranking participants for specific food items so that characteristics of those with high and low intakes can be compared. This has been completed in previous analyses of the ISAAC data where the association between fast foods and BMI and the symptom prevalence of asthma, rhino conjunctivitis and eczema have been explored \[[@B9-nutrients-10-00316],[@B21-nutrients-10-00316]\]. However it must be noted that quantification of total intake based on frequency alone will be inaccurate because of the absence of information on portion sizes. Another limitation of this study is that weights and heights were self-reported in most centres by the parents or adolescents. Although this raises questions about the accuracy of the BMI values, which may be further compounded by selection bias across the various countries examined, others have shown that self-reported heights and weights are fairly reliable \[[@B22-nutrients-10-00316]\]. Also in our analyses we did not use a standardised BMI scale (z score) or BMI cut-off points to define overweight or obesity because we had a very small age range (either 6--7 or 13--14) and using standardisation might cover or exaggerate differences of interest. It should also be noted that this is a secondary analysis of existing data and with limited information available to us few variables are included in our model. It is therefore possible that our findings are as a result of confounding with other factors.

Our results suggest that there is an inverse association of BMI with a greater consumption of, fruit, vegetables, pulses and nuts in adolescents and vegetables in 6--7-year-old. Although causality cannot be proven in an observational study the findings support current global dietary recommendations that emphasize regular consumption of fruit, vegetables (green and root) and nuts for the prevention of overweight and obesity.
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![Differences in BMI (kg/m^2^) between adolescents who reported eating fruit, vegetables, pulses, and nuts three or more times a week and those children who reported eating fruit, vegetables, pulses and nuts 1--2 times per week or never, in each centre after controlling for country GNI, centre, age, sex, measurement type (reported or measured). The solid diamond represents the overall effect. The proportion of participants who reported eating fruit, vegetable, pulses and nuts three or more times per week is shown in parentheses after each country. The solid dots represent centres with reported heights and weights and the circled dots represent centres that measured heights and weights.](nutrients-10-00316-g003){#nutrients-10-00316-f003}

![Differences in BMI (kg/m^2^) between children who reported eating fruit, vegetables, pulses, and nuts three or more times per week and those who reported eating fruit, vegetables, pulses and nuts 1 to 2 times per week or never in each centre after controlling for country GNI, age, sex, measurement type (reported or measured). The solid diamond represents the overall effect. The proportion of participants who reported eating fruit, vegetable, pulses and nuts three or more times per week is shown in parentheses after each country. The solid dots represent centres with reported heights and weights and the circled dots represent centres that measured heights and weights.](nutrients-10-00316-g004){#nutrients-10-00316-f004}

nutrients-10-00316-t001_Table 1

###### 

BMI ^i^ difference relative to the never use category for reported dietary intake of fruit, vegetables, pulses and nuts and BMI of study participants (+/− kg/m^2^, (SE)).

                                             Use Once or Twice per Week   Use Three or More Times per Week   *p* Value
  ----------------------------- ------------ ---------------------------- ---------------------------------- -----------
  Adolescents (*N* = 199,723)   Fruit        −0.061 (0.028)               −0.104 (0.026)                     \<0.001
  Adolescents (*N* = 198,692)   Vegetables   −0.014 (0.023)               −0.053 (0.023)                     0.01
  Adolescents (*N* = 188,734)   Pulses       −0.104 (0.017)               −0.119 (0.022)                     \<0.001
  Adolescents (*N* = 196,948)   Nuts         −0.176 (0.016)               −0.274 (0.024)                     \<0.001
  Children (*N* = 76,657)       Fruit        −0.061 (0.036)               −0.051 (0.038)                     0.24
  Children (*N* = 75,684)       Vegetables   −0.057 (0.031)               −0.079 (0.031)                     0.03
  Children (*N* = 70,473)       Pulses       0.002 (0.024)                0.042 (0.029)                      0.21
  Children (*N* = 74,574)       Nuts         −0.029 (0.020)               −0.056 (0.033)                     0.14

^i^ Adjusted regression coefficients---adjusted for age, sex, measurement type and centre.
